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Highlights 
 Spiral coils usage resulted in the pressure loss increase. 
 Using inserts is beneficial at higher mass fluxes. 
 The maximum performance factor of 1.4 was obtained by using inserts. 
 A correlation for evaporative pressure drop of R-600a in rough pipes was developed. 
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Abstract 
The impacts of spiral coil inserts on the pressure loss of environment-friendly refrigerant R-600a 
are experimentally evaluated during forced convective evaporation within horizontal copper 
pipes. Then, by considering the current pressure drop and previous heat transfer results and 
calculating the performance factor, the overall effectiveness of the inserts is determined. 
Experiments are carried out for smooth and rough tubes. Five spiral coils with various coil 





 are considered for tests. Generally, it is observed that inserts 
augment the pressure loss in the range of 90-958% over the smooth pipe. However, as the wire 
diameter decreases and the coil pitch increases, less pressure losses are imposed to the system. 
Depending on the operational conditions and inserts type, the performance factor was obtained 
between 0.13-1.40. The coiled wire “CW5” with the wire diameter of 1 mm and coil pitch of 30 
mm performed superior compared to the other inserts by maximum performance factor of 1.4. 
Finally, by using the current data a new correlation is proposed in order to predict the 
evaporative pressure loss of R-600a within spiral coil inserted pipes. 
Keywords: Correlation; Evaporation; Pressure loss; R-600a; Spiral coil 
  
Nomenclature 
d tube diameter (mm) 
e wire diameter (m) 





I electric current (A) 
p pressure (kPa) 
P coil pitch (m) 
V electric voltage (V) 
x vapor quality 
 
Greek symbols 
  helix angle of coiled wire (degree) 
η Efficiency of insulation 
  Steiner void fraction 
  density 
  surface tension 
 
Subscripts 




g vapor phase 
i inner 
in inlet 











During recent years, growing concerns associated with environmental issues such as ozone 
depletion have led to extensive use of environment-friendly refrigerants. First, CFC and HCFC 
refrigerants were replaced by HFC refrigerants. However, utilizing HFCs has reduced, although 
the ozone depleting potential (ODP) of these fluids is zero. For instance, despite the preferable 
thermodynamic properties of R-134a as a widely-used HFC refrigerant, its usage in different 
domestic and industrial applications has to be declined because the global warming potential 
(GWP) of this refrigerant is high. Therefore, the tendency to use natural refrigerants such as R-
600a (Isobutane) has increased recently. 
Besides, investigating the thermal systems performance such as heat-exchangers for less energy 
usage is a crucial factor. Employing modified surfaces like dimpled pipes [1], corrugated pipes 
[2] and micro-fin pipes [3] or installing inserts like coiled wires [4] and twisted tapes [5] inside 
heat-exchangers are examples of techniques for such a purpose. Using these methods as passive 
techniques of heat transfer enhancement does not require an external power as it is required in 
active methods [6, 7]. The inserts such as coiled wires are employed in heat-exchangers as 
turbulators to increase the heat transfer rate. There is a tendency among researchers to use spiral 
coils because these devices are low in cost and effective [8]. However, the downside of these 
methods is inducing a considerable amount of pressure drop which must be taken into account 
for an appropriate designing. In this regard, different prediction methods are developed to help 
the researchers in designing efficient heat-exchangers. 
Refrigerant R-600a has several merits which make it an appropriate candidate for use in 
refrigeration systems. The liquid density of R-600a is less than most of the fluorocarbon 
refrigerants. Therefore, the charge amounts would be reduced considerably using R-600a that 
would contribute to further relieving the emissions of the refrigerant directly [9]. The thermal 
conductivity of R-600a is larger than that of some other refrigerants as R-134a and R-22 which 
would result in better heat transfer performance. Also, having smaller liquid viscosity helps 
higher liquidity in heat exchangers [10]. Another advantage of R-600a over R-134a is that R-
600a has a larger latent heat. For a fluid which has a higher latent heat, less mass flow rates 
would be required in order to produce a specific capacity [11, 12]. Although R-600a is 
flammable and this can become a concern, but it should be noticed that a huge volume of this 
fluid is used safely every day in entire the world in different applications such as heating or 
cooking [13]. 
Considering the above-mentioned advantages of R-600a, many experiments have been already 
carried out to reveal the performance of two-phase flow heat exchangers working with this 
refrigerant. Copetti et al. [14] conducted an empirical investigation on horizontally installed 
pipes using R-600a, when different heat fluxes, mass fluxes and vapor qualities were applied to 
the system. It was found that the transferred heat and pressure loss are dependent of the system 
operational conditions. Furthermore, compared with R-134a, the obtained coefficient of heat 
transfer and pressure losses are higher for R-600a. Within another experimental research on 
tubes with porous inserts and by using R-600a, Wen et al. [15] reported that by increment of the 
mass flux and applied heat, and decrement of the vapor quality, the heat transfer augments. Also, 
the inserts give rise to the pressure loss. Finally, based on the presented data, experimental 
correlations were suggested so as to predict the pressure losses and coefficients of heat transfer 
for Isobutane. Shafaee et al. [16] experimentally appraised the flow boiling heat transfer 
performance of a heat-exchanger working with R-600a. In this research, spiral coils with varied 
geometrical features were utilized inside horizontally located pipes. The results showed that 
inserting the wire coils and augmenting the vapor quality and mass velocity contribute to the 
increment of the heat transfer coefficients. In another empirical study performed by Shafaee et al. 
[17] on boiling of R-600a in plain and rough pipes, it was demonstrated that heat transfer rate 
and pressure drops in dimpled pipes are larger than those obtained in smooth pipes. To illustrate 
the impacts of operational conditions and pipe surface roughness on the magnitude of heat 
transfer coefficient and pressure loss obtained during condensation of R-600a, Sarmadian et al. 
[18] evaluated a two-phase flow heat-exchanger. According to the observations, increasing the 
vapor quality and mass flux gives rise to the rate of transferred heat and pressure loss. Also, the 
rough surfaces lead to augmentation in both pressure losses and heat transfer coefficients 
compared to the smooth surfaces. Oliveira et al. [19] assessed the pressure loss of refrigerants R-
290 and R-600a during evaporation inside a horizontal pipe; when the mass velocity was 




, and the applied heat flux to the test section was changing 
between 5-60 kWm
-2
. Experiments demonstrated a larger pressure drop for R-600a for all tests 
operating conditions. It was also observed that increasing the mass velocity and vapor quality 
gives rise to the pressure drops for both working fluids. To compare the performance of 
refrigerants R-600a and R1234ze(E), Yang et al. [20] conducted an empirical study on 
horizontally installed pipes. For this purpose, tests were performed under various saturation 
pressures, heat fluxes, and mass velocities. As a result, it was observed that compared to 
R1234ze(E), R-600a usage results in higher heat transfer rates and pressure losses. 
Despite the numerous efforts made previously for investigating the performance of heat-
exchangers with R-600a, there is no reported research on evaporative pressure drop of R-600a in 
spiral coil inserted tubes. In this research firstly, the pressure drop growth of R-600a during 
forced convection evaporation in horizontal smooth and spring inserted pipes (rough pipes) is 
studied. Then, the performance of rough pipes is evaluated by considering the previous results of 
Shafaee et al. [16], to illuminate the overall effectiveness of these inserts. Finally, an 
experimental correlation is suggested based on the current empirical data in order to predict the 
pressure drop of R-600a during evaporation in horizontal tubes with spiral coils.  
2. Test setup design 
The overall schematic view of the test setup is illustrated in Fig. 1. Preheaters, test evaporator, 
sight glass, condenser, flow meter, gear pump, pressure and temperature sensors, and differential 
pressure drop transducer are the main components constituting the cycle. R-600a is used in the 
cycle as the refrigerant and water is used as the coolant for eliminating the latent heat from R-
600a. The purity of R-600a was about 99.5%. In order to circulate the refrigerant in the cycle, a 
variable frequency gear pump was installed after the condenser. Also, a flow meter was placed 
before the preheaters for measuring the refrigerant mass flow rate. Two electrical resistance 
preheaters were used prior to test evaporator to reach the required vapor quality at the test section 
inlet. The studied test evaporator was a horizontally installed pipe constructed from copper with 
the length, internal diameter, and wall thickness of 1000, 8.1, and 0.71 mm, respectively. To 
minimize the heat losses to the environment, the test pipe was insulated using glass wool pad. A 
sight glass was also placed just after the test tube for observing the flow patterns. 
 
Fig. 1. Schematic view of the test setup 
To measure the wall temperature of the test tube, K-type thermocouples were attached to the tube 
by welding at five axial locations with a distance of 200 mm from each other. In this regard, at 
each axial location, four thermocouples were attached to the bottom, top and two sides of the 
pipe. To determine the pressure drop during the test section, a differential pressure drop 
transducer was installed in the cycle. Further information regarding the test setup can be found in 
[16]. 
Experiments were performed on horizontal smooth and spiral coil inserted pipes. In this regard, 
five circular cross-section springs with various geometrical features, i.e. varied coil pitches and 
wire diameters, were installed inside the test pipes. The features of the test pipes and spiral coils 
examined in this research are presented in Table 1. 
Table 1. Geometrical parameters of the spiral coil inserted pipes 
Tube set e (mm) P (mm) θ (degree) di (mm) 
Plain - - - 8.1 
CW1 0.5 10 67.27 8.1 
CW2 1 10 65.85 8.1 
CW3 1.5 10 64.25 8.1 
CW4 1 20 48.12 8.1 
CW5 1 30 36.63 8.1 
 
The experimental results of plain and rough tubes are obtained for vapor qualities between 0.08-




. The operational conditions of the current test 
cycle are illustrated in Table 2. 
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3. Data reduction 
This experimental research is conducted to determine the pressure drop rise of refrigerant R-600a 
during its evaporation within smooth and spiral coil inserted pipes which are installed 
horizontally. During tests, the vapor quality changed between 0.08-0.7. Also, mass velocities of 




 were considered for performing tests. The data 
were taken 15 minutes after the system initial start-up so that it can reach the steady state 
condition. 
It is worth mentioning that the experiments have to be repeatable to collect the steady-state data. 
All experimental test loops have a limited range in which steady-state test conditions can be 
maintained. At low or high mass velocities, typically a threshold is reached where fluctuations in 
pressure and flow rate become significant. In particular, pressure fluctuations significantly 
influence Tsat, which makes the data unreliable. As it was mentioned by Thome et al. [21], it is 
particularly difficult to accurately measure the data at vapor qualities less than 0.05 and above 
0.95. However, it is valid under ideal condition of a test section without springs (plain tube) or 
any inserts disruptive to flow field which has a potential to cause more fluctuations in the 
pressure drop and therefore make the measurements much trickier. In the present experimental 
measurements, trying to check the repeatability of the collected data under the same operating 
conditions, it was observed that the data above the vapor quality of 0.7 and less than 0.08 are not 
repeatable mostly for higher mass fluxes for the inserted tubes. Therefore, to maintain 
consistency and make the performance assessment possible, the ranges of vapor qualities and 
mass velocities were confined. 
As it was discussed previously, the preheater was insulated to reduce the heat leakage to the 
environment. However, the thermal efficiency of the preheater was calculated as follows: 
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In Eq. (1), ̇     is the refrigerant mass flow rate.       and       are the enthalpy of refrigerant at 
the test evaporator outlet and the preheater inlet, respectively. Also,     represents the heat 
delivered by the electrical heaters. 
The mean of vapor qualities at the test evaporator boundaries is considered as the vapor quality 
of the whole test section, as follows: 
  





Where the vapor quality at the test section inlet and outlet are showed by       and      , 
respectively. 
To compute the vapor quality at the evaporator inlet and outlet, the following relations are used: 
                      (3) 
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By substituting Eq. (5) and Eq. (4) in Eq. (3), the vapor quality at the test evaporator inlet is 
determined as: 
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Also, the vapor quality at the test evaporator outlet is computed as follows: 
            
       




Where    ,     ,     ,   ,        ,      ,       , and        represent the total transferred heat in 
preheater, sensible heat, latent heat, refrigerant specific heat associated with the mean 
temperature of the preheater, refrigerant saturation temperature associated with the mean 
pressure of the preheater, refrigerant temperature at preheater inlet, refrigerant vaporizing 
enthalpy associated with the mean pressure of the preheater, and refrigerant vaporizing enthalpy 
associated with the mean pressure of the test evaporator, respectively. 
The total pressure drop of the test tube is as follows: 
                          (8) 
 
Where      ,       , and        represent momentum, static, and frictional pressure drops, 
respectively.  
The static pressure drop,       , is zero because the test tube is horizontal. Therefore: 
                   (9) 
 
The suggested relation by Collier and Thome [22] is used for calculating the momentum pressure 
loss: 
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In Eq. (10),  ,  , and   represent the vapor quality, density, and the void fraction, respectively. 
Also,   shows the mass velocity. 
Furthermore, Eq. (11) introduced by Steiner [23] is utilized for calculating the void fraction. This 
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By subtracting the momentum pressure drop from total pressure drop obtained from experiments, 
the frictional pressure losses can be determined. 
Finally, the proposed method by Moffat [24] is used so as to calculate the uncertainties in 
determining pressure drops during tests. According to the calculations, the uncertainties were 
below 10% for all experiments. 
Table 3. Uncertainties of the measured quantities in this research. 
Parameter Uncertainty Units 
Thermocouples 0.1% ℃ 
Power 1% of reading kWm
-2
 





Pressure sensors 1 kPa 
Pressure drop transducer 0.075% of reading Pa 
Diameter 0.05 mm 
Length 0.5 mm 
Vapor quality 5% - 
Frictional pressure drop 4% Pa 
 
4. Results and discussion 
In this part, firstly, the experimental pressure drop results of R-600a during forced convective 
evaporation in smooth and rough tubes are discussed. Then, the overall effectiveness of spiral 
coils and the system performance are evaluated considering the current pressure drop results and 
the previous heat transfer results reported in [16]. Finally, a new correlation is suggested based 
on the current empirical results in order to predict the pressure drop of R-600a during 
evaporation within horizontal spring inserted pipes. Also, a sight glass was installed after the test 
section to observe the flow regimes. Generally, depending on the operational conditions of the 
system and tube sets, three flow patterns including stratified wavy, intermittent, and annular were 
observed. Fig. 2 demonstrates the observed flow regimes. However, at higher vapor qualities and 
mass velocities where the shear force between vapor phase and liquid phase dominates the body 

























Fig. 2. The observed flow patterns in this study. 
4.1.Pressure drop inside the plain and rough pipes 
Fig. 3 demonstrates the trend of pressure drop growth with vapor quality in the plain pipe for 
various mass fluxes. The results show that increment of the vapor quality gives rise to the 
pressure losses. Indeed, as it was discussed by Aroonrat and Wongwises [25], by increasing the 
vapor quality, a larger velocity gradient is established between two phases of vapor and liquid. 
Therefore, the shear stress between two phases augments. Also, for any given vapor quality, 
obtained pressure losses are larger for higher mass fluxes. The reason is that the turbulence 
intensities of liquid and vapor phases would reach higher values when the mass flux grows, 
which in turn would result in further increase of the shear stress. As a result of above-mentioned 
factors, the pressure loss increases. Similar observations were reported in previous studies [26, 
27]. Fig. 3 shows an uneven distribution of pressure drop data by increase of the mass flux. As it 
was discussed by Agrawal et al [28], forced convective two-phase flow is severely an unstable 
phenomenon since the vapor phase and liquid phase flow together which is accompanied by 
transformation of phases. What is more, installing spiral coils inside the pipe will also affect the 
flow turbulence and the liquid film on the tube inner wall. These factors cause the unexpected 
distribution of pressure drop data. 
 
Fig. 3. The variations of frictional pressure drops with vapor quality in the plain tube for various mass fluxes. 
In order to validate the present empirical results of the plain pipe, correlations suggested by 
Friedel [29], Chisholm [30], and Quiben and Thome [31] are considered. The comparison of the 
results obtained by experiments and the correlations is illustrated in Fig. 4. As can be seen, the 
relation proposed by Friedel [29] is more accurate than the other relation by predicting the most 
















































Fig. 4. The comparison of the obtained pressure drop values by the correlations and the experiments. 
The variations of pressure drop for different mass fluxes as the vapor quality varies are shown in 
Figs. 5-9. It can be deduced from the plots that for all mass velocities, installing coiled wires 
induces higher pressure drop values compared to the smooth pipe. It is noticeable that the 


































Fig. 5. The variations of frictional pressure drops with vapor quality for the tube set “CW1” under various mass fluxes. 
 
 






























































































Fig. 7. The variations of frictional pressure drops with vapor quality for the tube set “CW3” under various mass fluxes. 
 
 






























































































Fig. 9. The variations of frictional pressure drops with vapor quality for the tube set “CW5” under various mass fluxes. 
According to Figs. 5-7 it can be found that as the wire become thicker, higher pressure losses are 
imposed to the system. These results are obtained for coiled wires with the identical coil pitch of 
10 mm and various wire diameters of 0.5, 1, and 1.5 mm. Augmenting the wire diameter leads to 
increment of the frictional surface giving rise to the pressure drop. The other reason could be that 
the turbulence of liquid and vapor phases augments as the wire diameter increases. Furthermore, 
by installing thicker wire coils, the flow velocity augments due to the decrement of the flow 
cross-section area. It is also observable form these plots that the lowest and highest pressure drop 
rises of 90% and 958% over the plain pipe are obtained by using the tube set “CW5” at mass 









Figs. 6,8,9 can be studied in order to compare the tubes pressure losses when spiral coils with 
identical wire diameter of 1 mm and varied coil pitches of 10, 20, and 30 mm are utilized. It is 
deducible from these figures that pressure drop rises by reducing the coil pitch because frictional 
surface per length of the test pipe augments.  
According to the results, it can be seen that the trend of changes of the pressure drop data is not 
even for the inserts. In other words, the pressure drop results have been distributed unevenly. 
This is because the pressure drop results are a complex function of vapor quality, mass velocity, 
and geometry of tubes, and a general trend cannot be observed for all ranges of operating 
conditions and inserts. 
To further illuminate the role of geometrical features of the coiled wires on the system pressure 
losses, Fig. 10 is drawn. In this regard, the parameter (e/P
1.5
de) called coiled wire pressure drop 
index is defined which is directly proportional to the wire diameter and inversely related to the 
coil pitch (P) and equivalent diameter (de). The equivalent diameter is defined as: 
   
       

















































Where   is computed as follows: 
  
       
       ⁄  
 
(13) 
Where θ represents coil helix angle. 
A higher power is devoted to the coil pitch, because it was found by the experiments that 
changing the coil pitch has a prominent role in the pressure drop increase compared to changing 
the wire diameter. This figure demonstrates the pressure drop ratio of the rough pipes to the 
smooth pipe. It is found that the pressure drop amounts are strongly related to the inserts type. 
For any insert, the pressure drop reaches larger values as the coiled wire pressure drop index 
increases. As can be seen, the boundary of pressure drop increase is higher for the tube sets 
“CW1”,”CW2”, and “CW3”. This is because these coiled wires own the smallest coil pitch 
meaning higher index. However, among these three inserts, the tube set “CW3” imposes higher 
pressure drops as its wire diameter is larger. 
 





















































Index (e/P(3/2)de) [-] 
 
CW1 CW2 CW3 CW4 CW5
 
Fig. 11. The ratio of the rough pipes pressure drops to the smooth pipe pressure drops for various vapor qualities. 
Fig. 11 shows the ratio of the obtained pressure drop by rough pipes to that of the smooth pipe 
for different vapor qualities. It can be seen from this plot that inserting coiled wires at lower 
vapor qualities results in higher pressure drops. As the vapor quality increases, the ratio of 
pressure drops decreases. It is deducible from this figure that using inserts at higher vapor 
qualities is more beneficial. 
4.2.Performance assessment of rough pipes 
The current empirical results showed that the inserts lead to the growth in pressure drop which is 
not preferable. On the other hand, as it was reported previously [16], these inserts contribute to 
the heat transfer coefficients enhancement which is favorable. The pressure loss and heat transfer 
coefficients are independent from each other and not related by an equation. Therefore, to 
evaluate the overall effectiveness of these instruments, a parameter called performance factor 
(PF) is introduced. In this regard, a new parameter defined by Agrawal and Varma [32] as the 
pumping power to the augmented heat transfer coefficient ratio is used in order to assess the 
system performance. The increase of pressure drop as a result of spiral coils gives rise to the 
pumping power. The pumping power can be calculated using the following relation: 
















































Vapor Quality [-] 
CW1 CW2 CW3 CW4 CW5
Where,  ̇ and    represent the volumetric flow rate and the pressure drop inside the test section, 
respectively.  
In the current study, the ratio of consumed power by the pump to the smooth pipe heat transfer 
coefficient   ⁄   , is computed. Then, the same ratio is determined for the spiral coil inserted or 
rough pipes   ⁄   . Finally, the ratio of  
 
 ⁄    to  
 
 ⁄    as the performance factor is 
computed: 
   
   ⁄   





     








In Eq. (15),    shows the heat transfer coefficient ratio of the rough pipe to the smooth pipe. 
Also,     represents the pressure drop ratio of the rough pipe to the smooth pipe. To determine 
the effectiveness of springs, “PF” is used. If this parameter is larger than one, spiral coil usage is 
instrumental. Else, its usage is not helpful and recommended unless for specific conditions. 
The performance factor is calculated and illustrated in Fig. 12 using inserts for all operating 
conditions. Fig. 12 shows that spiral coils usage significantly influences the system performance. 
Except “CW3”, with the lowest pitch and highest wire thickness among all inserts, which 
induced the highest pressure drop, the other inserts improved the system performance. The best 
performance is presented by “CW5” having the wire diameter of 1 mm and coil pitch of 30 mm. 
By using this insert, the performance factor reached the highest value of 1.40. However, it is 
noticeable that the obtained values are also dependent of the mass velocity. To reveal the effects 
of both inserts and mass velocity simultaneously, Fig. 13 is presented. This plot demonstrates 
that inserts show the best performance at high mass fluxes. Using spiral coils is not beneficial at 
low mass velocities as the heat transfer enhancement is not large enough to negate the effects of 
pressure drop increment. Similar observations were reported by Akhavan-Behabadi et al. [33]. 
They studied the heat transfer and pressure loss of refrigerant R-134a during evaporation inside 





. For this range of the mass flux, it was observed that the system 
performance factor was below one. The results of current study also shows that using inserts at 
lower mass fluxes is not beneficial. On the contrary, at higher mass fluxes the heat transfer rate 
increases enough to overcome the adverse effects of pressure drop increase. It is also noticeable 
that at higher mass fluxes, the pressure drop ratio of the rough pipes to smooth pipes is smaller 
than that at lower mass fluxes. In other words, as it was explained by Nualboonrueng and 
Wongwises [34], the impacts of surface modifications in increasing the pressure drop at lower 
mass fluxes is much considerable.  Considering Fig. 13, it is observed that generally coiled wires 
“CW4” and “CW5” having the larger pitches compared to the other inserts, perform better at 
higher mass velocities. 
Different trends in variations of heat transfer and pressure drop with mass velocity have led to 
different performance factors. By taking into account the current pressure drop and previous heat 
transfer data [16] and considering “CW5” as the best performing insert and for the vapor quality 




, the pressure drop ratio of 
the rough tubes to the smooth tube decreases from 2.17 to 1.24. This shows that the effects of 
inserts in augmenting the pressure drop at lower mas fluxes is much considerable. Also, for the 
same vapor quality and mass velocity range, the heat transfer coefficient ratio of rough pipes to 
plain pipe slightly increases from 1.4 to 1.45. Therefore, a higher performance factor is achieved 
at higher mass fluxes. So, it is recommended to use the inserts at higher mass fluxes. 
 
Fig. 12. The boundary of performance factor variations with spiral coil index for all mass fluxes and vapor qualities. 
 
















Index (e/P(3/2)de) [-] 
 
CW1 CW2 CW3 CW4 CW5
 
Fig. 13. The variations of performance factor with mass velocity for all inserts and various vapor qualities. 
4.3. A new correlation for predicting the pressure drops in rough pipes  
Different correlations have been developed previously in order to predict the pressure drop of 
heat-exchangers, since these relations can be useful in designing efficient heat-exchangers. As 
there is no correlation for predicting the forced convective evaporative pressure loss using R-
600a within spiral coil inserted pipes, a new correlation is proposed based on the present 
experimental data.  
To develop the new correlation, a proposed relation by Friedel [29] for predicting the pressure 
losses in plain tubes is utilized as the basic relation. Then, a dimensionless parameter, (e
2
/Pde), is 
implemented for taking into account the impacts of geometrical parameters of spiral coils; and 
the following functional relationship is used: 
             
  
   
    
 
(16) 
In Eq. (16),     and     represent the total pressure drop amounts in rough and smooth pipes, 
respectively. Also,    shows the equivalent diameter. 
Regarding the nonlinear least square regression method, first, all the required data (320 data 
points) were transferred to the MATLAB Workspace according to parameters of the chosen 
fitting function, Eq. (16). Then, by means of Curve Fitting Toolbox, nonlinear regression, the 




















Mass Velocity [kgm-2s-1] 
 
CW1 CW2 CW3 CW4 CW5
in which z stands for rough tube pressure drop, x is for the dimensionless parameter (
  
   
) and y 
is representing smooth tube pressure drop. Fitting optimization option was set to Bisquare for 
robustness with the aid of Levenberg-Marquardt Algorithm. After solving with 400 iterations for 
the set objective variables of     ,      and      the convergence was reached for fitting 
optimization options. Finally, the Optimized coefficients (with 95% confidence bounds) were 
found. The new correlation is suggested as follows: 
                   
  
   
       
 
(17) 
The comparison between the results obtained by the current developed relation and the 
experimental results is demonstrated in Fig. 14. This plot shows that the new correlation is 
capable of predicting most of the pressure drop data in the error range of ±30%. 
 
Fig. 14. The comparison of the pressure drops obtained by the new correlation and the experiments. 
To calculate the average deviation (AD) and average absolute deviation (AAD) of the results 
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Based on the calculations, it is observed that the average deviation and the average absolute 
deviation of the obtained results by the new correlation from the experimental results are -1.70% 
and 9.65 %, respectively. 
5. Conclusion 
An experimental setup is established to investigate the effectiveness of spiral coil inserts used 
inside horizontal pipes during forced convective evaporation of R-600a. For this purpose, 
circular cross-section spiral coils having varied wire diameters and coil pitches are employed. 
Also, different vapor qualities and mass fluxes are considered. The following conclusions are 
drawn from this research: 
 Installing spiral coil inserts resulted in pressure loss augmentation for all vapor qualities 
and mass velocities. 
 Increasing the mass velocity and vapor quality gave rise to the pressure drop. 
 Pressure drop ratio of the rough tubes to smooth tubes is lower at higher mass fluxes. 
 Employing coiled wires is beneficial at higher mass fluxes as the heat transfer 
enhancement could overweight the pressure drop growth. 
 Using coiled wires at low vapor quality region results in higher pressure drops. 
 The tube set “CW5” having the wire diameter of 1 mm and coil pitch of 30 mm, 
performed superior compared to the other inserts by maximum performance factor of 1.4. 
 A new correlation was developed using the current experimental results to predict the 
pressure loss during evaporation of R-600a within horizontal spiral coiled inserted pipes. 
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